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Abstract
We investigate the propagation of a space-like flavour current in a strongly coupled N = 2 super
Yang-Mills plasma using the D3-D7 brane model at finite temperature. The partonic contribution
to the plasma structure functions is obtained from the imaginary part of the retarded current-
current commutator. At high temperatures we find a non-vanishing result, for a high energy
current, indicating absorption of the flavour current by the quark constituents of the plasma. At
low temperatures there is no quark contribution to the plasma structure functions.
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I. INTRODUCTION
Originally it was thought that the product of a heavy ion collision, the so called quark
gluon plasma, would be a weakly interacting system, behaving approximately like an ideal
gas. However, the experimental results from RHIC indicated that the hadronic matter
formed after the collisions is strongly interacting, more similar to a perfect liquid [1]. One
expects an improvement in the understanding of the quark gluon plasma properties when
heavy ion collisions are further investigated in the LHC.
Strong interactions are described by QCD. However, in a strong coupling regime, as the
one found in the quark gluon plasma, its is necessary to use non-perturbative tools. A very
interesting approach relies on the AdS/CFT correspondence which relates string theory to
superconformal gauge theories at large ’t Hooft coupling. A particular case of this corre-
spondence is given by string theory in AdS5×S5 which is dual toN = 4 SU(Nc) super Yang
Mills theory in four dimensions [2–4]. This exact correspondence inspired many interesting
phenomenological models known as AdS/QCD that approximately describe important as-
pects of hadronic physics. One of the simplest models, now called hard wall model, consists
in breaking conformal invariance by introducing a hard cut off in the AdS space. The posi-
tion of this cut off is related to an infrared mass scale in the dual gauge theory. The hard
wall model was very successful in reproducing the scaling of hadronic scattering amplitudes
at fixed angles [5, 6] and estimating hadronic masses [7–12].
A more sophisticated proposal is the D3-D7 brane model that consists in the inclusion of
Nf flavoured D7 probe branes in the AdS5 × S5 space [13]. The AdS/CFT correspondence
contains fields in the adjoint representation of the SU(Nc) gauge group, like gluons, related
to open strings attached to the D3 branes. Including D7 branes one also has fields in the
fundamental representation, like quarks, related to open strings with an endpoint on a D3
and the other on a D7 brane. On the other side, mesons are described by strings with both
endpoints on D7 branes. Masses for mesons in this model were calculated in [14]. For a
review see [15].
The internal structure of hadrons can be probed by interaction processes. One is the
deep inelastic scattering (DIS), that was investigated using gauge/string duality in [16–
26]. Elastic form factors also give information about the hadronic structure. Form factors in
AdS/QCD models were studied for example in [27–33]. Other aspects of hadronic interaction
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processes using AdS/QCD have been discussed in, for example [34–37].
The AdS/CFT correspondence can be extended to describe gauge theories at finite tem-
perature introducing a black hole in the AdS geometry [38–40]. This version of the corre-
spondence describes the strongly coupled N = 4 super Yang Mills plasma, since the particles
are in a deconfined phase. The structure of this plasma was investigated in [41] considering
a DIS process of an R current. The gravity dual of this current is a gauge field propagating
in the black hole AdS space. It was found that at high energies, the R current probes the
partonic behaviour of the plasma (associated with gluons), giving non-vanishing structure
functions. The fact that this result occurs at any non-zero temperature is consistent with
the non-confining character of the AdS-black hole model.
In this article we are going to study the structure of a strongly coupled plasma containing
flavour degrees of freedom using the D3-D7 brane model at finite temperature. This consists
in the inclusion of Nf coincident D7 probe branes in the black hole AdS space [42–45]. We
consider the propagation of a space-like gauge field living in the D7 branes, corresponding
to the DIS of a flavour current in a strongly coupled N = 2 super Yang-Mills plasma. There
are two different thermal phases in the D3-D7 model: the low temperature Minkowski
embedding when the D7 branes do not touch the horizon and the high temperature black
hole embedding when the D7 branes have an induced horizon. We calculate in both phases
the quark contribution to the plasma structure functions, considering the absorption of a
flavour current by the quark constituents of the plasma. We find non-vanishing results
in the high temperature phase for a high energy current. In the low temperature regime,
corresponding to the Minkowski embedding, we find that the flavour current is not absorbed
by the quark constituents of the plasma.
Note that the D3-D7 model contains both the R and flavour currents. The R current is
dual to a gauge field propagating in the bulk geometry generated by the D3 branes while
the flavour current dual is a gauge field propagating on the world volume of the D7 branes.
This way, studying a DIS process in this model we can unveil not only the partonic structure
associated with gluons but also the partonic structure associated with quarks.
This article is organized as follows. In section II, we briefly review the R current results.
Then, we study, in section III, the equations of motion of a gauge field on the D7 branes. In
section IV we analyse the effective potentials at low and high temperatures and calculate the
quark contribution to the plasma structure functions in these regimes. We end, in section
3
V, with our conclusions.
II. DEEP INELASTIC SCATTERING OF AN R CURRENT
In this section we briefly review the calculation of the retarded current-current correlator
of an R current and the corresponding DIS structure functions. According to the AdS/CFT
correspondence at finite temperature, an N = 4 super Yang Mills SU(Nc) plasma is dual to
a black hole in AdS5 × S5 space. This space can be described by the metric
ds2 =
r20
L2u
[
− (1− u2)dt2 + dx¯2
]
+
L2
4u2(1− u2)du
2 + L2dΩ25 , (1)
where r0 = πL
2T , L is the AdS radius (L4 = 4πα′2g2YMNc), T is the temperature and
dΩ25 is the S
5 metric. The radial coordinate u is dimensionless, with the horizon located at
u = 1 and the boundary at u = 0.
The vector field Am = (Au, Aµ) dual to the R-current is described by the supergravity
action
S = − N
2
c
64π2L
∫
d4xdu
√−g gmrgns FmnFrs . (2)
Choosing the gauge Au = 0 and the plane wave solution
Aµ(x, u) = e
−iq·xA¯µ(u) , (3)
with qµ = (w, 0, 0, q), the on shell action takes the form
S = − N
2
c T
2
16
∫
d4x
[(
At +
w¯
q¯
A3
)
∂uAt − Ai∂uAi
]
u=0
, (4)
where i = 1, 2, w¯ ≡ w
2piT
, q¯ ≡ q
2piT
and we used the relation ∂uAt = (q¯/w¯)∂uA3 valid at the
boundary u = 0.
The retarded current-current commutator of the boundary gauge theory is defined by
Rµν(q) = i
∫
d4x e−iq·x θ(t)〈[Jµ(x), Jν(0)]〉 (5)
and can be decomposed as
Rµν =
(
ηµν − qµqν
Q2
)
R1 +
[
nµnν − n · q
Q2
(nµqν + nνqµ) +
qµqν
(Q2)2
(n · q)2
]
R2 , (6)
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where nµ is the four velocity of the plasma and Q2 is the virtuality defined by Q2 ≡ q2−w2.
In the plasma rest frame nµ = (1, 0, 0, 0). The DIS structure functions of the plasma are
given by
F1 =
1
2π
ImR1 F2 = −n · q
2πT
ImR2 . (7)
These structure functions can be obtained from those of the DIS off a hadron identifying
the hadronic momentum P µ with the plasma momentum Tnµ.
Following a supergravity prescription similar to that of ref. [39], the retarded current-
current commutator is obtained by differentiating the boundary action density with respect
to the boundary values of the vector fields
Rµν(q) =
∂2S
∂A
(0)
µ ∂A
(0)
ν
; (A(0)µ = limu→0
Aµ) , (8)
after imposing an ingoing condition for the gauge fields at the horizon, meaning that there
is no reflection.
The equations of motion for the components of the gauge fields can be written as
Schro¨dinger equations. For the longitudinal part it reads
∂2ψ
∂u2
− V (u)ψ = 0 , (9)
where ψ(u) =
√
u(1− u2) ∂uAt and the effective potential is
V (u) =
1
u(1− u2)2
[
− 1
4u
(1 + 6u2 − 3u4) + Q¯2 − q¯2u2
]
, (10)
with Q¯2 ≡ q¯2 − w¯2. For the transversal components we have
∂2φ
∂u2
− V˜ (u)φ = 0 , (11)
where φ(u) =
√
(1− u2)Ai(u) and
V˜ (u) =
1
u(1− u2)2
[
Q¯2 − q¯2u2 − u
]
(12)
Analysing the behaviour of the potentials (10) and (12) one finds different regimes de-
pending on the relation between q¯ and Q¯ [41]. These regimes are separated by the critical
value q¯/Q¯3 = 8/(3
√
3) ≈ 1.54. At low energies, q¯/Q¯3 ≪ 1, there is no relevant contribution
to the structure functions since the imaginary part of Rµν is negligible. At high energies
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q¯/Q¯3 ≫ 1, a significant imaginary term arises in Rµν leading to the non vanishing structure
functions
F1 ≈ 3
16Γ2(1/3)
N2c T
2
(
Q2
12πT 2x
)2/3
F2 ≈ 2xF1 , (13)
where x is the Bjorken variable that in the plasma rest frame takes the form x = Q2/2wT .
These structure functions imply dissipation of the R current, unveiling the existence of a
partonic structure associated with gluons in theN = 4 super Yang Mills plasma, as discussed
in ref. [41]. Note that these results for the R current are also valid in the N = 2 super Yang
Mills plasma of the D3-D7 brane model.
III. DEEP INELASTIC SCATTERING OF A FLAVOUR CURRENT
A. The D7 brane embedding
We place Nf coincident D7 probe branes in the black hole AdS5 × S5 space of eq. (1).
In order to describe the D7 probe branes, we decompose the metric of the sphere S5 as
dΩ25 = dθ
2 + sin2 θdΩ23 + cos
2 θdϕ2 . (14)
The usual choice is to fix ϕ = 0 and θ = θ(u). Then, each D7 brane is described by the
metric
ds2 =
r20
L2u
[
− (1− u2)dt2 + dx¯2
]
+ L2
[ 1
4u2(1− u2) + θ
′2
]
du2 + L2 sin2 θdΩ23 . (15)
Here, and from now on, prime denotes differentiation with respect to the variable u. The
location of the D7 branes is contained in θ = θ(u). This function is obtained by solving the
equation of motion that comes from the brane action:
SD7 = −Nf µ7
∫
d8x
√
− det g
= −Nf µ7π2r40
∫
d4x
∫ 1
0
du
u3
sin3 θ
√
1 + 4u2(1− u2)θ′2 . (16)
where µ7 = [(2π)
7g2YM α
′4]−1 is the tension of each D7 brane. The D7 brane equation of
motion reads
3 cos θ
[
1+4u2(1−u2)θ′2
]
+4u sin θ
[
−u(1−u2)θ′′+4u2(1−u2)(2−u2)θ′3+(1+u2)θ′
]
= 0 . (17)
6
There are solutions of three different kinds. In the first one, the branes touch the black
hole horizon. This solution is called black hole embedding. An observer living on the branes
world volume will see an induced horizon. In the second kind of solutions the branes never
reach the horizon. This solution is known as Minkowski embedding. In this case, an observer
on the branes do not see any induced horizon. The third solution is a critical embedding
that connects the black hole and Minkowski embeddings.
Near the boundary all the solutions have the asymptotic expansion
θ(u) =
π
2
− m√
2
u1/2 − 1
2
√
2
(
m3
6
+ c )u3/2 + ... , (18)
where m ≡ M/T with M proportional to the mass gap at zero temperature and c is the
quark condensate. Below we briefly review the differences between these three embeddings
in the region far from the boundary and the phase transition between the Minkowski and
black hole embeddings, found in [45].
1. The black hole embedding
The black hole embedding is characterized by the condition that the coordinate θ(u) goes
to a constant value θ0 different from zero at the horizon: θ(1) = θ0 .
It is convenient to use the variable χ(u) ≡ cos θ(u) which has the near horizon expansion
χ(u) = χ0 + χ1(1− u) + χ2(1− u)2 + . . . , (19)
with 0 ≤ χ0 < 1. Using this expansion in (17) we obtain
χ1 = −3
8
χ0 → θ′(1) = −3
8
cot θ0 . (20)
We use the above conditions for θ and θ′ as initial conditions at u = 1 for the numerical
integration of eq. (17).
A typical solution is illustrated on Fig. 1. As shown in [45], black hole embeddings exist
only for temperatures higher than 0.764M .
2. The Minkowski embedding
On the other hand, in the case of Minkowski embedding the coordinate u has a maximum
value u0 < 1 where the coordinate θ vanishes: θ(u0) = 0. The region u = u0 is interpreted
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FIG. 1: Black hole D7 metric for θ0 = 0.75 .
as the tip of the branes. The requirement of smoothness without conical deficit at the tip
of the branes leads to θ′(u0) = −∞ [44].
These conditions on θ and θ′ suggest the near horizon expansion
θ =
(
1− u
u0
)α [
ρ0 + ρ1
(
1− u
u0
)
+ ρ2
(
1− u
u0
)2
+ . . .
]
, (21)
with 0 < α < 1.Using this expansion in (17) we obtain
α =
1
2
, ρ0 =
√
2
2− u20
. (22)
In the numerical integration we evaluate this asymptotic expression and its derivative at
some u very close (but not equal) to u0. A typical solution is shown in Fig. 2.
0.0 0.1 0.2 0.3 0.4 0.5 u
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1.0
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FIG. 2: Minkowski D7 metric for u0 = 0.5.
As shown in [45], Minkowski embeddings exist only for temperatures lower than 0.772M .
3. The critical embedding
The critical embedding appears as an intermediate solution between black hole embed-
dings and Minkowski embeddings. In this case the coordinate u reaches the horizon when
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the coordinate θ goes to zero. This is shown in Fig. 3.
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FIG. 3: Critical D7 metric corresponding to θ0 = 0 or u0 = 1 .
4. The phase transition
The Minkowski and black hole embeddings can coexist for temperatures between 0.764M
and 0.772M . However, the physical embedding is the one that minimizes the free energy
at a given temperature. It was shown in [45] that a first order transition occurs at a
temperature Tc = 0.766M . Below Tc the Minkowski embedding has the lower free energy so
it is thermodynamically preferred while the black hole embedding is dominant above Tc.
A consequence of this first order phase transition is a finite jump in the quark condensate
at T = Tc, where the D7 branes go from a Minkowski embedding to a black hole embedding.
We will see below how the abrupt change in the D7 brane embedding has a non-trivial
consequence on the partonic contribution to the structure functions of the N = 2 super
Yang-Mills plasma when probed by a flavour current.
B. Gauge field equations and Schro¨dinger potentials
We consider a flavour current U(1) ⊂ U(Nf ). The gravity dual of this current is a gauge
field fluctuation living in the world volume of the D7 branes. From the Dirac Born Infeld
action one finds the gauge field kinetic term
S = −Nfµ7 π2α′2
∫
d8x
√−G FMNFMN , (23)
where FMN = ∂MAN − ∂NAM and AM = (Aµ, Au, Aα) . We choose Aα = 0, ∂αAµ = 0,
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Au = 0 and the plane wave ansatz
Aµ(x, u) = exp{−iwt + iqx3} A¯µ(u) . (24)
The equations of motion take the form
∂uA3 = − w¯
q¯(1− u2)∂uAt (25)
Γ1/2
sin3 θ
∂u
[sin3 θ
Γ1/2
∂uAt
]
− Γ
u(1− u2)
[
q¯2At + q¯w¯A3
]
= 0 (26)
Γ1/2
sin3 θ(1− u2)∂u
[sin3 θ(1 − u2)
Γ1/2
∂uAi
]
− Γ
u(1− u2)2
[
− w¯2 + (1− u2)q¯2
]
Ai = 0 ,
(27)
where Γ ≡ 1 + 4u2(1− u2)θ′2 .
In order to gain intuition on the problem, we write the gauge field equations (25), (26)
and (27) into a Schro¨dinger form, as in ref. [46]. We will find two relevant potentials whose
form determine the behavior of the retarded current-current commutator and hence the
partonic contribution to the DIS structure functions.
1. Longitudinal component
Using a(x, u) ≡ ∂uAt , we find from eqs. (25) and (26) the second order differential
equation
∂2ua +
1
H1
∂uH1∂ua − 1
H0
[
H3 +H2 q¯
2 − w¯2
]
a = 0 , (28)
where
H0 =
u(1− u2)2
Γ
H1 =
u(1− u2) sin3 θ
Γ3/2
H2 = 1− u2
H3 = −(1 − u2)∂u
[u− u3
Γ
(
3 cot θ θ′ − Γ
′
2Γ
) ]
. (29)
Introducing: a(x, u) = η(u)ψ(x, u) and imposing that
η′
η
= −1
2
H ′1
H1
, (30)
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we find a Schro¨dinger equation
d2ψ
du2
− V (u)ψ = 0 , (31)
with potential
V (u) =
1
2
(H ′1
H1
)′
+
1
4
(H ′1
H1
)2
+
1
H0
[
H3 +H2q¯
2 − w¯2
]
=
3u4 − 6u2 − 1
4u2(1− u2)2 +
Γ
u(1− u2)2
[
Q¯2 − u2q¯2
]
− 3
2
cot θ θ′′ − Γ
′′
4Γ
− Γ
′
4Γ
1− 3u2
u(1− u2)
+
3
2
cot θ θ′
[ Γ′
2Γ
− 1− 3u
2
u(1− u2)
]
+
3
2
(
1 +
5
2
cot2 θ
)
θ′
2
+
5
16
(Γ′
Γ
)2
. (32)
A possible solution to eq.(30) is η = C(−H1)−1/2, with C an arbitrary constant, chosen for
convenience as C = 2
√
2r20/L
2. Near the boundary and in the Bjorken limit Q¯2 ≫ m2, the
longitudinal potential can be approximated by
V (u) = − 1
4u2
+
Q¯2
u
+
m2
2
Q¯2 − q¯2u − m
2
2
q¯2u2 . (33)
The terms containing m2 represent small perturbations of the near boundary approximation
of the potential (10). If we consider the interesting high energy regime q¯ ≫ Q¯3 this potential
reduces to
V (u) = − 1
4u2
− q¯2u − m
2
2
q¯2u2 . (34)
This expression will be useful for the calculation of the DIS structure functions in section IV.
2. Transversal component
In a similar way, for the transversal modes, eq. (27) can be rewritten as
∂2uAi +
1
H˜1
∂uH˜1∂uAi − 1
H0
[
H2 q¯
2 − w¯2
]
Ai = 0 , (35)
where
H˜1 =
(1− u2) sin3 θ
Γ1/2
. (36)
Defining Ai(x, u) = ǫ(u) Φi(x, u) and imposing
ǫ′
ǫ
= −1
2
H˜ ′1
H˜1
, (37)
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we find a Schro¨dinger equation for Φi(x, u), similar to eq. (31), with the potential
V˜ (u) =
1
2
(H˜ ′1
H˜1
)′
+
1
4
(H˜ ′1
H˜1
)2
+
1
H0
[
H2q¯
2 − w¯2
]
= − 1
(1 − u2)2 +
Γ
u(1− u2)2
[
Q¯2 − u2q¯2
]
+
3
2
cot θ θ′′ − Γ
′′
4Γ
+
u
(1− u2)
Γ′
2Γ
− 3
2
cot θ θ′
[ Γ′
2Γ
+
2u
(1− u2)
]
+
3
2
(
− 1 + 1
2
cot2 θ
)
θ′
2
+
5
16
(Γ′
Γ
)2
. (38)
The solution to eq. (37) is ǫ = C˜(H˜1)
−1/2 and we choose for convenience C˜ =
√
2r0. Again,
near the boundary and for Q¯2 ≫ m2, we find the approximate transversal potential
V˜ (u) =
Q¯2
u
+
m2
2
Q¯2 − q¯2u − m
2
2
q¯2u2 . (39)
In the high energy regime q¯ ≫ Q¯3 this potential can be approximated by
V˜ (u) = −q¯2u − m
2
2
q¯2u2 . (40)
C. The retarded flavour current commutator
The on-shell action for the gauge field has the following boundary term
SB = 8π
4α′2Nf µ7 r
2
0
{
sin3 θ
Γ1/2
∫
d4x[−(At + w¯
q¯
A3) a+ (1− u2)Ai∂uAi]
}
u=0
, (41)
where i = 1, 2. The hypersurface u = 0 defines the boundary which excludes the horizon or
the tip of the D7 branes.
We will use this boundary action to calculate the quark contribution to the plasma
structure functions. The near boundary expansions for the fields a and Ai that satisfy the
equations of motion are given by
a(x, u) = q¯2
[
A
(0)
t +
w¯
q¯
A
(0)
3
] {
a0 + ln u + a1u + b1u lnu + O(u2) + O(u2 ln u)
}
Ai(x, u) = A
(0)
i
{
1 + Q¯2[c1u + d1u lnu] + O(u2) + O(u2 ln u)
}
(42)
where A(0)µ (x) = Aµ(x, u)|u=0. The coefficients a0, a1, b1, c1, , d1 can be obtained from the
differential equations (28) and (35). With these expansions the boundary on shell action
can be written as
SB =
NfNc
16π2
∫
d4x
{
− q2 [A(0)t +
w¯
q¯
A
(0)
3 ]
2 ( lnu+ a0 )
+Q2A
(0)
i A
(0)
i ( d1 ln u+ c1 + d1 )
}
u=0
, (43)
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The divergent logarithmic terms can be canceled by the following (boundary) counterterms
Sct =
NfNc
16π2
∫
d4x
{
q2 [A
(0)
t +
w¯
q¯
A
(0)
3 ]
2
[
ln u+ 2γ + 2 ln (
M
2πT
)
]
−Q2A(0)i A(0)i d1
[
ln u+ 2γ + 2 ln (
M
2πT
)
] }
u=0
, (44)
where we have included in the counterterms the temperature T and the infrared scale M
is the D7 brane mass scale at zero temperature defined in the previous section. We also
included the Euler-Mascheroni constant γ as is done in [41]. Summing both terms we obtain
the total finite action
STotal =
NfNc
16π2
∫
d4x
{ (
ηµν − qµqν
Q2
)
Q2
[
c1 + d1 − 2γ d1 − 2 ln ( M
2πT
) d1
]
+ (nµ − qµn · q
Q2
)(nν − qν n · q
Q2
)
Q4
q2
[
c1 + d1 − a0 + 2 ln ( M
2πT
)(1− d1) + 2γ(1− d1)
] }
× A(0)µA(0)ν (45)
So, differentiating this action with respect to the boundary values of the gauge fields, as in
eq. (8), we obtain
R1(q, Q
2) =
NfNc
8π2
Q2
[
c1 + d1
[
1− 2γ − 2 ln ( M
2πT
)
]]
(46)
R2(q, Q
2) =
NfNc
8π2
Q4
q2
[
c1 + d1 − a0 + (1− d1)
[
2 ln (
M
2πT
) + 2γ
]]
. (47)
We end this section writing the near boundary expansion for the longitudinal and
transversal wave functions
ψ(x, u) = q¯2
[
A
(0)
t +
w¯
q¯
A
(0)
3
]
u1/2
{
a0 + lnu + (a1 − m
2
2
a0)u + (b1 − m
2
2
)u lnu
+ O(u2) + O(u2 lnu)
}
(48)
Φi(x, u) = A
(0)
i
{
1 + (Q¯2c1 − m
2
4
)u + Q¯2d1u lnu + O(u2) + O(u2 ln u)
}
(49)
that are obtained from eqs. (42). These expansions will be useful in the analysis of the next
section.
IV. STRUCTURE FUNCTIONS
In the case of an R current there is a transition between hadronic and partonic behavior,
when going from low to high energies, as discussed in section II. The partonic behaviour
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is characterized by non vanishing structure functions. This transition corresponds also
to a change in the shape of the longitudinal and transversal potentials. At low energies,
both potentials present barriers that prevent wave propagation from the boundary to the
horizon. When increasing the energy the longitudinal potential barrier disappears while the
transversal potential gets squeezed towards the boundary so that the wave propagates into
the black hole and is absorbed by the horizon.
For the flavour current, the scenario is substantially different because the D7 brane ge-
ometry changes drastically with temperature. For temperatures lower than 0.766M the D7
branes, where the gauge field lives, do not touch the horizon (Minkowski embedding) while
for temperatures higher than 0.766M they have an induced horizon (black hole embedding).
We now analyse the effective potentials in these two cases.
A. Low temperatures: Minkowski embedding
At temperatures lower than Tc = 0.766M , the thermodynamically preferred D7 brane
solution is the Minkowski embedding. In this embedding, the radial coordinate u never
touches the black hole horizon. This coordinate has a maximum value u0 where the tip of
the D7 branes is localized. This geometric constraint has to be present when studying the
dynamics of gauge field fluctuations. In fact, the ending condition of the radial coordinate
emerges in the potential. This is illustrated in figures 4 - 7 where we plot longitudinal
and transversal flavour current potentials for different energy regimes compared with the
corresponding R current potentials. One can see that near the boundary the flavour current
potentials behave in a similar way as the R current potentials. However, near the tip of the
branes the flavour current potentials present an infinite barrier forbidding the wave to reach
the black hole horizon. In contrast, the R current potentials go smoothly to the horizon.
In the Minkowski embedding, the branes do not touch the horizon. Therefore, one can not
impose ingoing boundary conditions for the wave functions. This can be seen by considering
the asymptotic expansion of the longitudinal and transversal fields
a(x, u) =
(
1− u
u0
)α [
a˜0 + a˜1
(
1− u
u0
)
+ a˜2
(
1− u
u0
)2
+ . . .
]
Ai(x, u) =
(
1− u
u0
)β [
A˜i,0 + A˜i,1
(
1− u
u0
)
+ A˜i,2
(
1− u
u0
)2
+ . . .
]
. (50)
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FIG. 4: Low temperature and low energy (q¯ = 0.3Q¯3) longitudinal potential of a flavour current
(solid line) with u0 = 0.5, compared to that of an R current (dashed line).
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FIG. 5: Low temperature and high energy (q¯ = 1.6Q¯3) longitudinal potential of a flavour current
(solid line) with u0 = 0.5, compared to that of an R current (dashed line). The left (right) panel
corresponds to small (large) u.
Using these expansions in eqs. (28) and (35) we obtain the conditions
α(α + 2) = 0 , β(β + 1) = 0 . (51)
with real solutions α = (0,−2) and β = (0,−1). Then, the longitudinal and transversal
gauge fields behave as real functions near the tip of the D7 branes, as well as on the bound-
ary. So, these solutions are not compatible with an ingoing condition. Instead, we impose
regularity of these solutions at the tip of the branes, that corresponds to α = 0 and β = 0.
This way, the infinite barrier inhibits the gravitational wave to reach the horizon. The
wave is not absorbed but reflected at the tip of the branes, leading to stationary real solutions.
As a consequence, the coefficients arising in the near boundary expansion of the longitudinal
and transversal wave functions , eqs. (48) and (49), are also real, as well as R1 and R2, given
by eqs. (46) and (47). This translates into the vanishing of the quark contribution to the
structure functions F1 and F2. Since the infinite barriers in the effective potentials exist
at any energy scale, we conclude that the strongly coupled plasma does not show partonic
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FIG. 6: Low temperature and low energy (q¯ = 0.3Q¯3) transversal potential of a flavour current
(solid line) with u0 = 0.5, compared to that of an R current (dashed line). The left (right) panel
corresponds to small (large) u.
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FIG. 7: Low temperature and high energy (q¯ = 1.6Q¯3) transversal potential of a flavour current
(solid line) with u0 = 0.5, compared to that of an R current (dashed line). The left (right) panel
corresponds to small (large) u.
behaviour when interacting with a flavour current at temperatures below Tc. This result
contrasts with the case of an R current at high energy, that indicates a partonic behaviour
(associated with gluons) at any temperature.
B. High temperatures: black hole embedding
At temperatures above Tc = 0.766M , the thermodynamically dominant solution is the
black hole D7 embedding where the D7 branes touch the horizon. In this case, the gauge field
waves can be absorbed by the black hole horizon, depending on the shape of the effective
potentials. These potentials vary with the momentum scales q¯ and Q¯ and also with the D7
brane parameter m (mass scale).
The form of the potentials is determined essentially by the ratio q¯/Q¯3. In the low energy
16
case q¯ ≪ Q¯3 the potentials present large barriers that inhibit propagation towards the
horizon. This is illustrated in figure 8, including a comparison with the R current poten-
tials. Thus there is no relevant absorption of the flavour current, implying that the plasma
structure functions vanish at low energies.
For high energies q¯ ≫ Q¯3 the longitudinal potential barrier disappears and the transver-
sal potential barrier gets squeezed near the boundary, as illustrated in figure 9, including
a comparison with the R current case. This allows the wave absorption by the black hole
horizon that can be interpreted as the absorption of the flavour current by the quark con-
stituents of the plasma. We will now calculate the quark contribution to the plasma structure
functions in this high energy regime.
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FIG. 8: High temperature and low energy (q¯ = 0.3Q¯3) longitudinal (left panel) and transversal
(right panel) potentials of a flavour current (solid line) with θ0 = 0.75, compared to that of an R
current (dashed line).
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FIG. 9: High temperature and high energy (q¯ = 1.6Q¯3) longitudinal (left panel) and transversal
(right panel) potentials of a flavour current (solid line) with θ0 = 0.75, compared to that of an R
current (dashed line).
In the black hole embedding, an analysis of the eqs. (28) and (35) near the horizon u = 1
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leads to
a(x, u) = (1− u)± i2 w¯
[
a˜0 + a˜1(1− u) + a˜2(1− u)2 + . . .
]
,
Ai(x, u) = (1− u)± i2 w¯
[
A˜i,0 + A˜i,1(1− u) + A˜i,2(1− u)2 + . . .
]
. (52)
So it is possible to impose an ingoing wave condition at the horizon, corresponding to
choosing the exponent −iw¯/2.
1. Longitudinal contribution
Using the high energy approximation for the longitudinal potential near the boundary
given in eq. (34) we have
∂2uψ +
(
1
4u2
+ q¯2u
)
ψ = −m
2
2
q¯2u2ψ . (53)
In the black hole phase the parameter m satisfies the condition m < 1.31 . Then, near
the boundary m2u is very small and the term on the rhs of eq. (53) can be neglected. Then
we obtain the solution
ψ(x, u) = q¯2
[
A
(0)
t +
w¯
q¯
A
(0)
3
]
u1/2
[
C1J0(2
3
q¯u3/2) + C2Y0(2
3
q¯u3/2)
]
, (54)
where J0(z) and Y0(z) are Bessel functions, and C1, C2 are complex constants. Analysing
the behaviour of this solution for large arguments of the Bessel functions we see that a
progressive wave going from the boundary to the horizon can be obtained for C1 = −i C2.
So, we impose this condition and assume that the solution will remain an ingoing wave at
the horizon.
In the limit u→ 0, relevant for the calculation of the retarded Green’s function, we can
expand the Bessel functions finding
ψ(x, u) = q¯2
[
A
(0)
t +
w¯
q¯
A
(0)
3
]
u1/2C2
{
− i + 2
π
[
ln(
q¯
3
u3/2) + γ
]
+ O(q¯2u3) + O(q¯2u3) ln( q¯
3
u3/2)
}
. (55)
In the limit u→ 0, the perturbative corrections arising from the mass term of eq. (53) will
be of order u4, and so can be neglected with respect to the terms in eq. (55). Therefore,
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the mass term does not contribute to the Green’s function and hence to the DIS structure
functions at high energies. Comparing the expansion (55) with (48) we find that
C2 = π
3
; a0 = −i π
3
+
2
3
(
ln
q¯
3
+ γ
)
. (56)
The imaginary part of this expression will contribute to the DIS structure function.
2. Transversal contribution
In the transversal case at high energies, using (40) we have
∂2uΦi + q¯
2uΦi = −m
2
2
q¯2u2Φi . (57)
As in the longitudinal case, we can neglect the mass term finding
Φi(x, u) = A
(0)
i u
1/2
[
D1J1/3(2
3
q¯u3/2) + D2Y1/3(2
3
q¯u3/2)
]
, (58)
The ingoing condition leads to D1 = −iD2. In the limit u → 0 we expand the Bessel
functions as
Φi(x, u) = A
(0)
i D2
{
−Γ(
1
3
)
π
(
q¯
3
)− 1
3
+
√
3
Γ(1
3
)
[
−
√
3i+ 1
] ( q¯
3
) 1
3
u+O(q¯2u3)
}
. (59)
The perturbative correction to the function Φi coming from the mass term is real and of
order m2u. So it can be neglected in the high energy limit. Now, comparing the expansion
(59) with (49) we find
D2 = − π
Γ(1/3)
(
q¯
3
)1/3
, c1 = −
√
3π
Γ2(1/3)
(
q¯
3Q¯3
)2/3
+ i
3π
Γ2(1/3)
(
q¯
3Q¯3
)2/3
, d1 = 0 . (60)
3. DIS structure functions
Using the results for the longitudinal and transversal potentials and the dictionary
(46),(47) we obtain
R1 =
3
2
π
Γ2(1/3)
NfNcT
2
(
q¯
3
)2/3 [
− 1√
3
+ i
]
, R2 =
Q2
q2
R1 . (61)
Note that the imaginary part of a0 was neglected with respect to the imaginary part of
c1. Then, the quark contributions to the plasma structure functions in the high energy limit
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are
F1(x,Q
2) =
1
2π
ImR1 ≈ 3
4Γ2(1/3)
NfNcT
2
(
Q2
12πT 2x
)2/3
F2 = −n · q
2πT
ImR2 ≈ 2xF1 , (62)
where x is the Bjorken variable that in the plasma rest frame takes the form x = Q2/2wT .
These structure functions have the same dependence in the kinematic variables as the R
current case discussed in section II. However the NcNf factor contrasts with the N
2
c factor
of the R current. Explicitly, the plasma structure functions at high temperatures arising
from the flavour current and R current are related by
F1,2 [flavour]
F1,2 [R] ≈ 4
Nf
Nc
. (63)
This result can be interpreted in the following way. The R current interacts with fields
in the adjoint representation of the SU(Nc) gauge group, that carry a number of degrees of
freedom proportional to N2c . These fields describe gluons and their superpartners that are
probed by the DIS of an R current. When we add the D7 probe branes, we include fields
in the fundamental representation, that carry a number of degrees of freedom proportional
to NcNf . These fields describe the quarks and their superpartners and are probed by the
DIS of a flavour current. Note that the ratio Nf/Nc was already found in [47] comparing
the electric conductivities associated with a flavour current and an R current.
Note that our results for the structure functions F1,2 at high energies hold for any value of
the mass parameter m lower than 1.31, which corresponds to temperatures higher than Tc =
0.766M . When the temperature decreases to T = Tc, the D7 brane embedding experiments a
first order transition that takes it from a black hole to a Minkowski phase. As a consequence,
the imaginary part of the gauge fields arising from the ingoing wave condition disappears
leading to the vanishing of the quark contribution to the plasma structure functions, as we
discussed in part A of this section.
V. CONCLUSIONS
We studied the DIS off a N = 2 super Yang Mills plasma with flavour degrees of freedom
using the holographic D3-D7 brane model at finite temperature. At high temperatures
we found that the flavour current probes the partonic structure associated with the quark
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degrees of freedom in the same way as theR current probes the partonic structure associated
with the gluonic degrees of freedom. At low temperatures the flavour current is not absorbed
by the quark constituents of the plasma. As discussed above, this is a consequence of
the abrupt change on the gauge fields behaviour far from the boundary due to the phase
transition suffered by the D7 brane embedding.
Our results contrast with the gluonic sector, probed by an R current, that shows a
partonic structure, associated with gluons, at any temperature. This might be related to
the fact that in this model there is an effective infrared mass scale for the quark sector, but
not for the gluon sector.
As we explained in this article, the non partonic absorption of the flavour current at low
temperatures is a consequence of the absence of an imaginary part in the retarded Green’s
function. It is important to remark that a real Green’s function may have poles and then
give rise to imaginary contributions in the form of delta peaks. This kind of contribution
was analysed in ref. [46] for a time-like flavour current in the low temperature Minkowski
embedding. In that reference the delta peaks of the spectral function where interpreted in
terms of the meson spectra. Here we have worked with a space-like flavour current and
we did not consider this kind of contribution, since we were only interested in the partonic
structure of the plasma.
After the first version of this article, ref. [48] proposed a different mechanism for the
absorption of a flavour current at low temperatures, based on vector meson production.
This process contributes to the N = 2 super Yang Mills plasma structure functions of the
D3-D7 brane model.
We worked in the probe approximation of the D3-D7 brane model in which the backreac-
tion of the D7 branes is not taken into account. A review of the D3-D7 brane model beyond
the probe limit was done in [15]. A recent proposal to include backreaction in the D3-D7
quark-gluon plasma appeared in [49]. It might be interesting to investigate the effect of these
backreaction corrections on the plasma structure functions and on its partonic behaviour.
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